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SUMMARY
An investigateionmadeintheLangleystabilitytunnelto determine
thedirectionalcharacteristicsofa sharp-nosedfuselagethrougha
lsrgeangle-of-attackrangeat zeroangleof sideslipshowedthatthe
fuselagexperiencesa largeincreaseinyawingmomentas theangleof
k attackincreaseswhichis causedby asymmetricaldispositionfthepair
of,trailingvorticesemanatingfromthenose.
. Theresultsalsoshowedthqta ringorotherroughnessusedonthe
nosecaused(mainlyby alteringthevortexdisposition)a largedecrease
intheyawingmoment:obtainedathighanglesofattackand,in fact,for
someanglesofattacktheyawingmomentwasof a senseoppositeto that
obtainedwitha plainfuselage.Qthobghthereasonthatthering
alteredthevortexdispositionhasnotbeenestablished),theuseofa
ringmaybe convenientforstudyingthereversalofvortexdisposition
and-hen>eof load
aperi.odicallyfor
Theinterest
whichhasbeenfoundtobe self-inducedandto occur
somefuselagesinotherinvestigations.
INTRODUCTION
intheforcesandmomentsexperiencedby bodiesof
revolutioninclinedto thelineof flightaroseoriginallyinconnection
withairships.Duringtheeraofthesubsonicairplane,interestinthe
forcesandmomentsexperiencedbybodieslaggedsomewhatbecauseofthe
relativelyminorcontributionftheairplanefuselagetotheaerodynamic
characteristicsofthetotalairplaneconfiguration.Theadventofmis-
l
silesandsupersonicaircraftwherethebodyiSa maJorcomponentofthe ,
configurationhasagainfocus interestonbodycharacteristics,
.
, ,
2especiallyb~diesofrevolutionatrelatively
a result,thepotentialtheoryofreference1
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highanglesofattack.AB
hasrecentlybeenmodified
by suchworksasreference2. Inreference2, someflowstudieswere
madeinconjunctionwithananalyticalstudyofviscfieffectsonbo~
characteristics.An interestingphenomenonwasobservedintheseflow
tests.Thepairofvorticesbeingdischargedfromthebodybecameasym-
metricallydisposedwithrespectothebodyforsomeanglesofattack
withone vortexbeingclosertothebodythantheotherandthereoccurred
anunexplainedaperiodicreversalofvortexdisposition.Reference2
alsopointedoutthattheaperiodicchangesinvortexdispositionmight
induce,fora pitchedbody}undesirableforcesandmomentsinyaw. A
veryrecentpaper(ref.3) hasshownthatsuchfluctuatingforcesand
momentsdooccurfora fin-stabilizedbo y. Althoughnomentionofflue- - —
tuatingforcesandmomentswasmadeinreference4,thereferencepointed
outthatasymmetrical.rollingandyawingmomentsresultedfora sharp-
nosedbodyaboveabout16°angleofattackat zerosidesiipangle.
A phenomenonwhich}itwasfelt,couldbe attributedto theaperi-
odicreversalofthevortexdispositionmentionedinreference2 occurred
inthecalibrationtestsofa conicalpitchandyawtubeintheLangley
stabilitytunnel.Thepressuresmeasuedby theyaworificesofthetube
inpurepitchwereunsteadyathighanglesofattackandreversedaperi-
odically.Theaperiodicreversal.ofpresstiewaseliminatedwhena small
modificationwasmadeto thenoseofthepitchandyawtube.
Therefore,inordertodeterminetheeffectsofnosemodification
onthedirectionalcharacteristicsnpitchofa sharp-conical.-nose
fuselageathighanglesof attack,andinthehopethatsomelightmight __
be shedonthecauseofthe”reversalofthevortexpatt”ernobservedin
reference2,aninvestigationofa fuselagewitha sharpconicalnose
wasmadeinthestabilitytunnel.,Themodificationsconsistedof
increasingtheroughnessofthenosebyuseofa ringfideof~-inch
wirelocatedatdifferentstationsalongthefuselagenoseandalsoby
coveringa portionofthenosewithCarborundumgrains.Theeffectof
successivelycuttingoff1 and3 inchesofthenosewasalsoinvestigated.
Forcemeasurementsweremadewitha six-componentbalancesystemandthe
instantaneousyawingmomentwasalsomeasuredwitha strain-gagebalance.
Somecircumferentialpressuremeasurementsweremadeatonestationon
themodelandtheinstantaneousdifferentialpressureoftwoyaworifices
locatedinthenoseofthemodelwasalsomeasured.Theresultsofthe ,
investigationarepresentedherein.
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Thedatapresentedareintheformof standsrdNACAcoefficientsof
forcesandmomentswhicharereferredto thebodysystemofaxes. The
positivedirectionsof forces}moments,andangulsrdisplacementsare
showninfigure1. Thecoefficientsandsynibolsare definedas follows:
CN1
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P
normal-forceoefficient,
lateral-forceoefficient,
yawing-momentcoefficient,
normalforce,lb
.
lateral.force,lb
yawingmoment,ft-lb
N’/qS
Y/qs
.
N/qSd
dynamicpressure,PV2/2)lb/sqft
massdensity,Blugs/cuft
free-streamvelocity,ft/sec
modelfrontalarea,0.0608sq
maximumbodydiameter,0.2783
distancealongfuselageaxis,
ft
ft
measuedresrwardfromfuselage
nose
fuselageordinate,measured
localorificepressure
pressuredifferenceb tween
nose
totalheadoffreestream
angleofattackof fuselage
normalto fuselageaxis(seefig.2)
twoyaworificeslocatedinfuselage
centerline,deg
angleof sideslip”offuselagecenterline, deg
.
A
4MODELANDAPPARATUS
Thefuselageusedintheinvestigationwasa bodyofrevolution
whichwasmadeofmahoganywitha noseofbrass.Thefinenessratioof
thefuselagewasabout10.4.Thenoseportionofthefuselagewasa
coneof 15°includedangle.Thecoordinatesofthefiielagearegiven
infigure2 anda photographofthefuselagemountedinthetunnelis
givenas figure3. Twelveequallyspacedorificeswerelocatedonthe
circumferenceofthefuselageata station17.675inchesfromthenose.
Thepressuresattheseorificesweremeasuredby analcoholmanometer.
An electricalpressurepickupwasbuiltintothebrassnoseportionof
thefuselageto determinethepressuredifferenceb tweentwoyawori-
ficeslocatedonthesidesofthecone2.125inchesfromthenoseofthe
fuselage.Thefuselagewasmountedthrougha straingageto a strut
which,inturn,wasmountedon a six-componentbalancesystem.Thestrain
gagewassoarrangedthatitmeasuredtheinstantaneousyayingmomentof
thefuselageabout.thefuselageaxiswhilethebalancesystemeasured
allsixcomponents,forces,andmomentsaboutthewindaxes. --
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Theinstantaneouspressuredifferenceb tweentheyaworificesand
theinstantaneousyawingmomentmeasuredby thestraingagewerephoto-
graphicallyrecordedby anoscillograph.
—
.
A smallrectangulartail(6 inchesby 3 inches)ofaspectratio2
wasusedinconjunctionwiththefuselageforsomeof”thetests.(See
fig.2.) l
TESTS
Thetestsweremadeinthe6- by 6-foot estsectionoftheLangley
stabilitytunnel.Mostofthetestsweremadeata dynamicpressureof
98.3poundspersquarefoot.Someconfigurationsweretestedatdynamic
pressuresof64.3,39.7,and24.9poundspersquarefootinadditionto
thetestsat98.3poundspersquarefoot.ThemaximumReynoldsnumber
basedonfree-streamvelocityandmaximumfuselagediemeterwasapproxi-
mately500,000.ThemaximumMachnumberwas0.26.
AU testsweremadewitha dummysupportstrutandfairinginorder
tomaintainsymmetricalconditionsnearthebody. Anglesofattackwere
obtainedbyyawingthemodelinthetunnel.Theangle-of-attackrange
wasfrom0°to ko”and,formostofthetests,theangleof sideslipwas
00. A fewtestsweremadeat -6° angleof sideslipforthesameangle-
of-attackrange.
Nowind-tunnel-wallorstrut-tarecorrectionswereappliedtothe
data.
.-
A
PRESENTATIONFDATA
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Theresultsofthepresentinvestigationarepresentedinfigures4
to 16. Althoughboththestaticandinstantaneousyawingmomentsofthe
modelweremeasured,mostofthedatapresentedarefromthestaticmeas-
urementsobtainedwiththebalancesystem.
Somereproductionsoffilmrecordsarepresentedinfigure10 and
theyawingmomentsdeterminedfromsimilsrecordsarecomparedinfig-
ure11withthestaticmomentsobtainedwiththebalancesystem.The
valuesofyawingmomentsfromtherecordsusedinthecomparisonwere
obtainedby takinghalftheamplitudedefinedby twohorizontallinear
lineswhichboundeda majorityofthewavetracesof instantaneousyawing
moment.Anystrain-gageya@ng momentspresentedareso identifiedin
thefigures.
RESUUI!SANDDISCUSSION
Thevariationofnormal-forceandyawing-momentcoefficients(deter-
minedfrombalance-systemreadings)ofthefuselagewithangleofattack
. forzerosideslipangleis showninfigures4 and5,respectively,for
severalvaluesof dynamicpressure.Thenormal-forceoefficientshown
infigure4 increaseswithangleofattackas expectedand,ingeneral,
. increaseswithan increaseindynamicpressureforalltheanglesof
attacktested.Theyawingmoment(fig.5) issmallandfairlyconstant
up toabout15°angleofattackbutincreasesrapidlyabove15°and
reachesa ratherhighmaximumpositivevalueatabout35°angleofattack.
Repeattestsofthefuselage,whichwasa bodyofrevolution,resulted
ina yawingmomentwhichconsistentlyshowedthesamevariationwith
angleofattack.Witha perfectlysymmetricalfuselagethevariation
wouldbe expectedto varyfromtestto test;thatis,foronetestthe
yawingmomentmightbecomemorepositivewithangleof attackjwhereas
forthenexttesttheyawingmomentwouldbecomenegativewithangleof
attack,dependingon initialtrends.Thetendencyof theyawingmoment
ofthefuselagetobecomemorepositivewithangleofattackinthe
presentestswasfoundtobe associatedwith-modelcharacteristicsrather
thantunneltestsetupbecausea test(datanotpresented)withthemodel
invertedshowedtheyawingmomenttobe inthesamedirectionrelativeto
thefuselage.An increaseindynamicpressuregenerallydecreasedthe
valuesofyawingmomentintheangle-of-attackrangeneartheanglefor
maximumpositiveyawingmoment;however,theeffectisnotcomstent
# forallanglesofattack.(Seefig.5.)
.
ThecrossReynolds
thesetestswerefairly
.
numberscorrespondingto thedynamicpressures
lowsothatthecriticalcrossReynoldsnumiber
e
of
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fora cylinderbasedonmaximumfuselagediameterwas&ttainedatthe *
highestdynamicpressureofthetestsatabout25°angleofattackofthe
fuselage.Itisbelieved,however,thatevenifthecriticslcross
Reynoldsnumberwasreachedatlower.an@esofattack,thegeneralvaria-
r.
tionoftheforcesandmomentswithangleofattackwouldnotbe altered
appreciably.Reference2 indicatesthatfora bodyofrevolutionsuch
asthatofthepresentests,inwhichthediameterofthebodyvaries
alongthelength,Remoldsnumbereffectsonthevariationofforcesand
momentswithangleofattackaresmallincontrastotheeffectswhich
wouldbe expectedona bodywhichmainlyconsistsofa long,cylindrical
portionofconstamtdiameter.
Studiesofrecordsuchasfigure10,whichwillbe discussedlater,
showedthata reversaloflateraloadwithtimewasnotobtainedinthe
presentests.A reversaloflateraloadwithtimewasexpectedonthe
basisofprevioustests.Theloadingonthefuselagetendedtoreverse,
however,whentheangleofattackwasincreasedabove35°. Thistendency
isindicatedby thelargedecreaseinyawingmomentandan actualchange
insignofyawingmomentfor q = 24.9poundspersquarefootandangle
ofattackof 38°. (Seefig.5.) A changeindirectionof lateraload
andyawingmoment.relativetothatobtainedfortheplainmodelwas
.
obtained,however,evenatanglesofattackas lowas20°whena L -inch-%
diameterwirewaswrappedaroundthenoseportionofthefuselageto form
a ring1 inchfromthenose. (Seefig.6.) Fromthefigure,itcanbe
seenthatthevaluesofyawingmomentarethesameforring-offandring-
on conditionsup to15°angleof attack.Above15°angleofattack,the
yawing-momentcoefficientsfortheplainfuselagebecomemorepositive
withangleofattack,whereastheyawing-momentcoefficientsforthe
modelwiththeringonthenoseshowanoppositetendencyandbecomemore
negativeastheangleofattackisincreased.However,theabsolute
valuesofyawingmomentaredecreased.A studyofthelateral-force
coefficientspresentedinfigure6 indicatesthatthedecreaseinyawing-
momentcoefficientsi causedby a reductionoflateraloadandby a
shiftincenterofpressureofthelateraloaddistribution.
A cursorytuft-probeexaminationat35°angleofattackandverylow
speedshowedanunsymmetricalvortexdispositionalongtheplainfuse-
lage.Thedispositionwasunsymmetricalevenforpositionsverynearthe
noseofthebody. Theunsymmetricaldispositionfthevorticeswas
responsibleforthelargevaluesofyawingmomentobtainedatanglesof
attackabove15°withtheplainfuselage.Thisinitialunsymmetrical
dispositionfvorticeswasconsiderablyalteredandappearedreversed
whentheringwasplacedonthefuselagenose.Thisalteredisposition ,
ofthevorticesaccountsforthedifferenceinthevariationofthe
lateral-loadndyawing-momentcoefficientswithangleofattackobtained
#
withtheplainmodelandmodelwithringonthenose.Theringdecreased
theabsolutevaluesofyawingmomentwhicha-studyofthelateral-force .
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coefficients,presentedinfigure6, indicatesisdueto a reductionof
lateraloadand,also,to a shiftincenterofpressureofthelateral
loaddistribution.Thereversalindirectionofloadat onesectionof
thefiselagecausedby theringcanreadilybe seeninfigure7 which
presentsa comparisonofthepressuredistributionfortheringedand
plainfuselageobtainedaroundtheperipheryofthefuselageabout
lFZinchesfromthenoseata dynamicpressureof 64.3 poundspersquare
foot. Thepressuredistributionsshowninthefigureappearequaland~
Oppositej thisindicatesanequalandoppositelocallateraload.The
pressuredifferencem asuredby thetwoyaworificies,whichshouldgive
a goodindicationofthemagnitudeofthelateraloadattheyaworifice
location,indicatesthereversalindirectionof loaddueto thering;
however,thepressuredifferenceisnotof equalmagnitudeforbothcon- ‘
ditiOllS. (Seefig.8.) Thering,therefore,mustaffect hepressures
at differentlengthwisestationsto differentextentswhlch~ofcourse,
wouldnotonlydecreasetheresultantloadingbutwouldalsocausea
shiftinthecenterofpressure.Themechanismbehindthechangein ini-
tialvortexdisposition,andhenceintheloadbroughtaboutby thering,
isnotapparent,butevenwhenthemodelisat -6° sideslipanglegiving
themodela lager initialpositiveyawingmoment,theringstilliscap-
ableof causinga reversalindirectionof loadat someanglesofattack.
(Seefig.9.) Results(notpresented)oftestswiththeringskewedabout
differentradialaxesintheplaneoftheringdidnothaveanyapparent
.
effectontheactionoftheringinreversingthedirectionofload.
Fromtheforegoingdiscussion,itappearsthattheeffectsofthering
.
canovershadownotonlythemodelcharacteristicsthatinitiallycaused
theyawingmomentto increasepositivelywithangleofattackbutcan
overcomeinitialtendencieswhicharecausedby anangleof sideslipof
at least6°whichwasthelargestsideslipangletested.
Recordsoftheinstantaneousyawingmomentandyaw-orificepressure
differencearepresentedinfigure10fortheplainfuselageandfuse-
lagewithringon1 inchfromthenose.Fromthisfigureitcanbe seen
thatthemomentsandpressureswereveryunsteadyathighanglesof
attack.However,sincethenaturalfrequencyofthemodelandstrain
gage,determinedexperimentallytobe 45 to50 cyclespersecond,isthe
predominantfrequencyoftheyawingmomentsrecorded,itisunlikelythat
therecordsoftheyawingmomentsobtainedgivea reliableindicationof
eitherthefrequencyoramplitudeoftheforcingfunction.Althoughthe
naturalfrequencyofthepressurepick-upsystemwasnotdetermined,the
frequencyappearsveryhighandit isfeltthatanychangesinpressure
differencerecorded(otherthanthehigh-frequency“hash”seenonmost
oftherecords)wouldbe morerepresentativeoftheforcingimpulses
thantheyawing-momentrecords.Infigure10(b),a square-waveariation
canbe seenintherecordofpressuredifferenceforthemodelwithring
. onat 36°angleof attack.Inthepresentests,thiswastheonly
instanceinwhichthistypeofvariationwasobtained;however,although
.
.L-—. ._
——. .
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the
did
magnitudeofthepressuredifferencevariedconside~ably,thevalue
.
notchangesignaswasthecaseinearliertestsofa plainconic&l-
2
.—
nosepitottube.Thisvariationindicatesa periodicshiftingbutnota
completereversaloftheoriginalvortexdisposition.Thedifferences
in shapeofthefuselageandpitottuberearwardoftheconicalnosesec-
tion(pitotubehada straight,cylindricalportionofconstantdi.~eter)
probablycausedthefuselageresults.tobe somewhatdifferentthanthose
expectedonthebasisofthetestsof-theconical-nosepitottube.
A comparisonftheyawingmomentobtainedfrombalancereadings
withvaluesobtainedfromstrain-gager c~rds(suchas fig.10)by the
procedurementionedinthesection“PresentationofData”isshownin
figure11. Thevariationofyawingmomentwithangleofattackisseen
tobe similarineachcase.ThedifferencesIn valuesdeterminedby-the
twomethodscanprobablybe attributedmainlyto differencesinstrut-
tarevalueswhichwerenotdeterminedforeithercase.
Theeffectsofvaryingthelocationoftheringfrom~ inchto
8 inches fromthenoseofthemodelontheyawingmomentofthemo~el _
canbe seeninfigure12. As thedistanceofthering~om thenose
increases,theeffectivenessoftheringinreducingtheyawingmoment
appearsto decreaseandthefirst3 inchesofthefuselagenoseapparently
isthemostcriticalregionsofarasalteringtheloadon thefuselageis
concerned.Testsofa fuselagehavinga shortellipticalnoseshowedthat
theringhadonlya smalleffectontheyawingmomentofthefuselage.
Theeffectsofcutting1 and3 inchesoffthenoseofthefuselage
resultingina bluntnosecanbe seeninfigure13. Theyawingmoments
wereofoppositesigntothoseobtainedwiththeplainfiselageatangles
ofattackabove25°andtheyawing”momentsweresmallthroughoutthe
angle-of-attackrangeincontrastothoseobtainedwiththeplainfuse-
lage.
Inthecourseofthepresentinvestigationitwasfoundthatthe
loadingonthefuselagecouldalsobe reversedby increasingtherough-
nessofthenosebyusingCarborundumgrains.”Figurelb,,showsthatthe
effectoftheCarborundumgrainsontheyawing-momentcoefficientis
verysimilartothatofthering. —
—
.—
.
—
—
—
I
Infigure15is showna comparisonftheyawingmo~entsof the
plainfuselageandofthefuselagewitha rectangulartailofaspect
ratio2. Thegeneralvariationofyawingmomentisthesameforboth
casesbut,intheangle-of-attackrangebetween20°and3.0°,thetail-on
configurationhasa smalleryawingmoment han”theplainrfhselage,possi-
blybecauseoftheeffectsoftheasynmietricalvortexdistributionthe .
tail.At higheranglesofattack,thetailisprobablyat leastpartly
outsidetheregionof influence ofthevortices.Theeffectsofthering
.
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onthetail-onconfiguration
9
(fig. 16) issimilarto thatobtainedwhen
theringisusedwiththe
as effectiveinreverstng
.
plainfuselage;however,-theringisnotquite
themomentsas itwaswiththeplainftmeiage.
CONCLUDINGREMARKS
An investigationmadeintheLangleystabilitytunnelto determine
thedirectionalcharacteristics.ofa sharp-nosedfuselagethrougha large
angle-of-attackrangeat zeroangleof sideslipshowedthatthefuselage
experiencesa largeincreaseinyawingmomentastheangleofattack
increaseswhichis causedby asymmetricaldispositionfthepairof
trailingvorticesemanatingfromthenose.
Theresultsalsoshowedthata ringorotherroughnessusedonthe
nosecaused(mainlyby alteringthevortexdisposition)a largedecrease
intheyawingmomentobtainedathighanglesofattackand,infact,for
someanglesof attacktheyawingmomentwasof a senseoppositeto that
obtainedwitha plainfuselage.Althoughthereasonthatthering
alteredthevortexdispositionhasnotbeenestablished,theuseofa
rim maybe convenientforstudyingthereversalofvortexdfs~sftfon
-.
andhenceofloadwhichhasbeen
. aperiodicallyforsomefuselages
LangleyAeronauticalLaboratory,
NationalAdvisoryCommittee
LangleyField,Va.
foundtobe self-inducedand%0 occur
inotherinvestigations.
forAeronautics,
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Figure 4.- Effect of dynamicpressureon the variationof fuselage
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Figure10.- Recordsat severalanglesofattackof theinstantaneous
yawingmomentandyaw-orificepressuredifferencefortheplain
fuselageandfuselagewith&- inch-diameterringlocated1 inch
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fromthenose. =P OO;q = 98.3poundspersquarefoot.
=-”
NACARML52J14 21
b
(b)Ringon.
Figure10.- Concluded.
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Figure 11.- Concluded.
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fuselagewith 1 and 3 Inchescutoffthenone.$ = 00;
98.s poundspersquarefoot.
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Figure 14.- Comparisonof the yawing-momentcoefficientvariationwith 5
angle of attack for Plain fuselage and fuselagewith first 2 tithes
coated with Carborundum~aim.
~ = OO; q= 98.3pounds per square
foot. i
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Figure 15.- Cunparisourtheyawing-momentcoerricientvariattonwith
angleofattackforthep=l.n-fuselagealoneandfortheplalnfuaelage
withtallOPaspectratio2. 13= OO;q = 98.3poundspersquarefoot.
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Figure 16.- CompariSonftheyawing-momentcoe~~icientvariatlcmwith
angleofattackfortheplain~elage withtailandtheringedfuselage
withtail.~- tich-dimeterring1 inch from fuselagenose. fJ= OO;
16
q = ~.3 ~wb persquarefoot.
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